In this proceeding we present the impact of the EW corrections on tt distributions focusing on the effect of the photon PDF. We use the NNPDF2.3QED and CT14QED PDF sets, which include the photon PDF. We discuss a detailed comparison between the results obtained from these two PDF sets at NLO QCD+EW accuracy for 13 TeV, focusing on the top-quark p T and the top-quark pair rapidity. We point out the differences between these two PDF sets and we show that the rapidity of the top-quark pair can be used in order to constrain the photon PDF predicted by the NNPDF2.3QED set.
Introduction
The material discussed here is part of the project presented in [1] . The main motivation for this work was the reported tension between theory and experiment at the high top-quark p T region at 8 TeV [2, 3] . The QCD corrections beyond the NLO [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] to tt observables decrease the theoretical uncertainties. On top of that the experimental uncertainties will also decrease at the new run of LHC at 13 TeV and furthermore the tt process enters many LHC analyses as a signal or as a dominant background. These facts point to the necessity of the inclusion of NLO EW corrections to tt production. There is a vast literature in the subject [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , including also the photon-induced contributions at LO [30] . These contributions are important because they are positive and therefore expected to possibly compensate part of the negative Sudakov suppression from the virtual EW corrections. For this reason there are many PDF sets developed including also the photon PDF. These are the MRST2004QED [31] , the NNPDF2.3QED [32] , the APFEL NN2.3QED [33, 34] , the CT14QED [35] and the more recent NNPDF3.0QED [36] and LUXqed [37] .
Different PDF sets
All the aforementioned PDF sets include the LO QED evolution for the photon PDF, but the DGLAP QCD+QED evolution is realised differently. For this reason their comparison in fig. 1 leads to a similar behaviour at Q = 3 GeV, but this is not the case at Q = 5 TeV. At high Q values and low x, the NNPDF2.3QED prediction deviates from the other PDF sets. However this region is not probed in tt because at low M the gg luminosity is dominant w.r.t. the gγ one. At large x the NNPDF2.3QED PDF set predicts a large photon PDF, while the CT14QED, LUXqed sets predict a small photon PDF.
Calculation framework
In this work we perform a NLO QCD+EW calculation for tt distributions using the MadGraph5 aMC@NLO framework [38] . This is done by a simultaneous expansion in the two coupling constants (α s , α). In eq. 1 one can see a pictorial representation of this expansion including the new opening channels in each order as well as the definitions of the QCD, EW and QCD+EW observables.
The LO EW and NLO EW orders are the leading ones in which the photon-induced contributions appear. It is checked that the effect of the subleading orders (α 2 , α s α 2 , α 3 ) is below the percent level w.r.t. the α 2 s and they are neglected for this calculation. The calculation is realised in the 5-flavour scheme and the EW parameters are defined in the G µ -scheme. The used input parameters are shown in eq. 2.
In the definition of the renormalisation (µ r ) and factorisation (µ f ) scale, the possible extra jet or photon emission is included in the sum. The theoretical uncertainties are evaluated via an independent variation in the interval {µ/2 < µ f , µ r < 2µ}. For the results presented in the following section we have chosen to use the NNPDF2.3QED PDF set, where we also set the photon PDF artificially equal to zero, and we further compare with the results obtained with the CT14QED PDF set.
Differential distributions
From all the tt distributions at various energies (8, 13, 100 TeV) studied in [1] , we restrict ourselves here to the transverse momentum of the top quark and the rapidity of the top-quark pair at 13 TeV, shown in fig. 2 . The format of the plots is the following. In the main panel there are the distributions of the LO QCD (dashed black), the QCD (blue) and the QCD+EW (red). All the four insets are ratios w.r.t.
dσ/dp the LO QCD. In the first inset there are the other three perturbative orders considered in section 3. The second and third inset show the QCD+EW accompanied with scale and PDF uncertainties respectively. The fourth inset shows only the EW accompanied with PDF uncertainties. The results are obtained using the NNPDF2.3QED PDF set. On the left hand side of fig. 2 the photon PDF is set artificially equal to zero whereas the right hand side includes the photon PDF. Finally in the last inset of the right hand side plots we compare the results with the ones obtained by using the CT14QED PDF set.
Looking at the first inset of the p T (t) distributions and going from left to right we see that the photon PDF effect is mostly due to the LO EW contribution. The last inset of the left plot shows the Sudakov suppression mentioned in section 1. Moving to the right plot we see that for the NNPDF2.3QED there is indeed a large cancelation between these Sudakov logarithms and the photon-induced contributions. However this is not the case for the CT14QED PDF set, where the photon PDF impact is negligible. The last inset of the right y(tt) plot shows that in the NNPDF2.3QED case there is a ∼ 5% effect of the photon PDF at large rapidity region. This region is already reached experimentally at 8 TeV [2, 3] and it will be even more accurately measured at 13 TeV. On the other hand the CT14QED prediction is also here equivalent with the NNPDF2.3QED "no photon" scenario. Finally the two predictions are in agreement within the uncertainties, since in both cases the NNPDF2.3QED prediction is accompanied with large uncertainties in the regions of interest. Similar differences from the comparison of these two PDF sets are pointed out also in [39] , where the photon-initiated production of a di-lepton final state at the LHC is studied.
Conclusions -Further research
This work shows the effect of the EW corrections and especially of the photon-induced contributions on tt phenomenology, comparing the predictions of two different PDF sets. In the NNPDF2.3QED PDF predictions, there is a large impact of the photoninduced contributions accompanied with large uncertainties. The CT14QED PDF predictions, show a negligible impact of these contributions and lay to the lower limit of the NNPDF2.3QED uncertainty band. At 13 TeV the photon-induced contributions in NNPDF2.3QED are visible in rapidity but may be also in p T distributions, therefore the inclusion of NNLO QCD corrections is necessary in order to reduce the scale uncertainty of the prediction. The combination of the NNLO QCD and NLO EW calculations, using the more recent PDF sets NNPDF3.0QED and LUXqed, for tt distributions is in progress in collaboration with the co-authors of [1] and the authors of [7] .
